INTRODUCTION
were moved to growth chambers set at 22 ℃. The msh1 T-DNA mutant was obtained from genotyped as described previously (Shao et al., 2017) . Epi-lines were developed by crossing wild plates. For 200mM salt germination tests, 11.7 g of NaCl was added to the growth media before 98 sterilization. After 48-72 hrs of cold stratification in a dark room at 4 ℃, plates were moved to
99
Percival growth chambers set at 22 ℃ and 16/8 light/dark cycle. Germination was scored based 100 on root length of more than 3mm at two weeks after plates were moved to the growth chamber.
For freezing tolerance, two-week-old seedlings were cold acclimatized for one week at 4
Four-week-old plants grown in 22 ℃ were transferred to a growth chamber set at 10 ℃, 
145
Cold stress methylome analysis
146
To obtain whole-genome bisulfite sequencing data for the cold stress experiment, plants harvested and DNA extracted as previously described (Li and Chory, 1998), with two replicates 153 per group. Library generation and bisulfite-sequencing were performed by BGI on a Hiseq2000.
154
Reads were aligned to the TAIR10 reference genome using Bismark (Krueger and Andrews, 155 2011) with default mismatch parameters. Due to the potential for artifacts, cytosines of CCC 156 context were excluded from CHH analysis.
157
The R package methylKit 1. To examine whether or not msh1 mutants also showed tolerance to freezing temperatures, two-week-old seedlings of wild type and msh1 T-DNA mutants were cold acclimatized for a week before exposure to -2 ℃ for 4 hrs, followed by nucleation and -10 ℃ for 12 hrs. Survival
191
was scored as the presence of green rosette leaves one week after recovery under normal growth 192 conditions (22℃, 16/8 light/dark cycle). Surprisingly, the survival rate of msh1 mutants was lower than that of wild type (Fig 1B) , indicating that the mutants are not tolerant to all stresses.
Under our experimental conditions, 34.5% wild type survived -10 ℃. The msh1 mutants #9 and #12-29 showed significantly higher susceptibility to freezing temperatures (p-value 0.00222 and 
200
Because msh1 mutants have increased tolerance to abiotic stresses like drought, heat,
201
high light, and salt, we tested whether or not they were likewise more resistant to biotic stress.
202
We challenged msh1 mutants with the gram-negative bacterial pathogen Pseudomonas 203 syringae pv. tomato DC3000, which causes bacterial speck disease in tomato and is pathogenic 
231
To evaluate the response of progeny from crossing under less severe, non-lethal stress,
232
we subjected epi-F 3 plants to mild heat stress and measured total seed weight at harvest. For this 233 experiment, four epi-lines and wild type were grown in growth chambers under control (22 ℃)
234
or mild heat stress (32 ℃) throughout the plant life cycle. Epi-lines showed 9.7% to 19.6 % 235 increase in seed yield compared to wild type in control conditions (Fig 2A) . Three of the epi-
236
lines also performed significantly better than wild type under mild heat stress, showing 9.5% to 237 16.5% increase in yield (Fig 2A) . The lower yield penalty under mild heat stress in the three epi-238 lines, coupled with the enhanced salt and cold tolerance, provides an indicator of greater yield 239 stability and lower environmental effects on the MSH1 growth-enhanced phenotype ( Fig 2B) .
240
These results resemble the higher yield stability observed in soybean MSH1 epi-lines grown 241 across four different locations in Nebraska (Raju et al., 2017).
242
The methylome of msh1 is hyper-responsive to cold stress with disproportionately higher 
249
To evaluate the extent of DNA methylation changes related to long-term cold stress, heterochromatin in the interaction of msh1 effect and low-temperature stress.
320
Transcriptome response of Arabidopsis msh1 mutants under chronic cold stress
321
We evaluated the effect of cold stress on the transcriptome of msh1 mutants. Wild type wild type and are also activated in msh1 (Fig S6A) . Defense response, jasmonic acid-mediated regulated in msh1 mutants compared to wild type, while Rath elements were up-regulated in all comparisons ( Fig 4B) . In contrast, SINE elements showed clear cold-stress induced up-regulation. Similarly, Helitron, Harbinger, HAT, and SADHU elements were up-regulated in wild type under cold stress (Fig 4B) . At the family level, ATCOPIA28 and ATCOPIA31A
showed clear stress-induced up-regulation, while VANDAL5A, ATREP3, ATCOPIA44, 
MSH1-induced

406
A recent study has suggested that miR163 is a negative regulator of defense response to 
447
Transcriptome studies showed that stress was consistently the major contributor to gene 
